INTRODUCTION
Fruits are an important part of a healthy diet. They are generally low in calories, fat, sodium and cholesterol but high in micronutrients including provitamin A, vitamins E and K, ascorbic acid, riboflavin, iron, iodine, calcium and other minerals (Dike and Nnamdi, 2012; Syahida et al., 2012) as well as antioxidants which are known to prevent oxidative damage of important biological compounds by reactive oxygen species (Shi et al., 2001; Agboola, 2014; Donfack et al., 2014) . A number of studies have associated high fruit consumption with low risk of some life-threatening disorders like coronary heart disease (CHD), diabetes mellitus, obesity and cancer (Donaldson, 2004; Williams et al., 2009; Erasto and Tshikalange, 2010; Asif, 2014) . Unfortunately, across the world, many fruits are lesser known, neglected and underutilized.
Jackfruit (Artocarpus heterophyllus) of the Moraceae family is one of such underutilized fruit species (Okafor et al., 2015) . The fruit has been reported to be highly nutritious and beneficial to health (Morton, 1987; Deepak, 2012; Kadir et al., 2014) . According to Kevat (2013) , the seeds are rich in vitamin C and other anti-oxidants which could help to boost the immune system (immunostimulative) and enhance the proper working of the white blood cells in the body; they also contain iron which helps to combat anaemia. The report of Morton (1987) on Jackfruit showed that it is capable of increasing glucose tolerance, implying that the fruit can be used to control blood glucose level. The enticing smell and luscious taste of jackfruit make it to be very popular among other fruits worldwide (Kristie, 2011) . Thus, jackfruit is widely consumed for its organoleptic quality, nutritional roles and other health benefits.
Though a native of India, the jackfruit tree is widely cultivated and used for food throughout the tropical regions of the world (Ray, 2002) . In Nigeria, jackfruit is one of the underutilized plant species; the ripe fruits are chewed raw to extract the juice while the seeds are often discarded (Okafor et al., 2015) . In some parts of Cross River State, Nigeria, including Akamkpa Local Government Area (L.G.A), where the tree grows wildly, and jackfruit is used in the preparation of various traditional delicacies; the bulb is often eaten raw.
Haematological indices such as the number and morphology of erythrocytes, leucocytes, and thrombocytes are useful in disease diagnosis and monitoring (Oyewole et al., 2009; Owoeye et al., 2011; Celik et al., 2015) . According to Etim et al. (2014) , the examination of blood provides the opportunity to clinically investigate the nutritional, physiological and pathological status of an individual or an animal. The role of nutrition as a key modulator of blood haematology is increasingly being recognized. A number of studies have revealed that different diets could exert diverse effects on haematological indices of animals (Syahida et al., 2012; Erukainure et al., 2013; Balogun et al., 2014; Albokhadaim, 2015) and humans (Lavy, 1994; Haddad et al., 1999; Fernández et al., 2015) . Okolo et al. (2015) in their study showed that T. occidentalis leaves, fermented or unfermented, potentially significantly regenerated haemoglobin in iron-deficient rats.
Most of the available nutrition reports on jackfruit have been on whole fruit with, possibly, none on its effect on blood function indices of the consumers. Jackfruit is composed of the pulp, seed and bulb but the commonly edible parts are the seeds and bulb. Nutritional and biochemical information on these edible parts will be of great benefit to the consumers in making the right food choices. Hence this study was carried out to determine the effect of feeding diets supplemented with jackfruit seed, bulb or a seed-bulb blend on the haematological indices of albino rats.
MATERIALS AND METHODS Collection and identification of samples
Jackfruits were obtained from a village in Akamkpa L.G.A., Cross River State, Nigeria. The pod and plant parts were taken to the Department of Botany, University of Calabar, Calabar, Nigeria, where Mr Apejoye Frank Igbinohuo identified the plant and a voucher specimen (Voucher number: 117) was also deposited in the same Department for future reference.
Treatment of samples
The ripe pods were washed thoroughly under running tap water, cut open and the bulbs bearing the seeds were separated from the pulp. The seeds were further separated from the bulbs, and the seed coat peeled off. The seeds and bulbs were blended in an electric blender (Masters Chef Blender) to obtain test Samples 1 and 2 respectively. The blended samples were spread on stainless metal trays and dried in an air-circulating oven (Astell-Hearson) at 60 o C for 12hr, then ground into powder. The seed powder was mixed homogenously with equal amount of the bulb powder to obtain Sample 3. The three samples were stored in a refrigerator at 4 o C prior to use.
Animal study
Animal feeding experiment A total of 60 male albino rats, weighing 80-140 g, were purchased from the Animal House of the Department of Biochemistry, University of Calabar, Calabar, Nigeria. The rats were kept in clean cages in the Animal House of the Department and allowed one week for acclimatization before the commencement of the feeding experiment.
Of the 60 rats, 6 rats constituted group 1 (control) and was fed normal rat chow; the remainder 54 were divided into 3 groups of 18 rats, with each further divided into 3 subgroups of 6 rats each. The 3 major groups were treated with diets supplemented with jackfruit seed (at 10%, 30% and 50%), jack fruit bulb (at 10%, 30% and 50%) and the seed-bulb blend (at 10%, 30% and 50%) ( Table 1 ). The experimental feeding lasted for 28 days during which food intake and body weight changes were recorded. Food and water were given ad libitum. Food intake and body weight changes were measured as follows: Daily Food intake = Food supplied to each rat -(leftover + spilled food) Body weight change = Final weight -initial weight of each rat
Collection of blood and tissue samples for analysis
After 28 days feeding period, the animals were sacrificed twelve hours after the last feeding according to the European Convention for Protection of Vertebrate animals and other scientific purposes guidelines ETS-123 (European Treaty Series No 123, 2005) . Each rat was anaesthetized and immediately dissected and whole blood was collected through cardiac puncture into Ethylene di-amine tetra acetic acid (EDTA)-treated sample tubes.
Haematological analysis
Complete Blood Count (CBC) was carried out using the automated method based on Wallace Coulter principle (1956) for the analysis of WBC, RBC, platelets and their differential counts (counter machine model: Siemes 1608).
Statistical analysis
Data obtained were expressed as the mean ± SEM using analysis of variance (ANOVA) of statistical package for social sciences (SPSS) software version 17 with Least Significant Difference (LSD post hoc test). Differences were considered significant at p<0.05. Tables 2-4 . There was a gradual decrease (p<0.05) in body weight change with increase in the percentage of supplementation of jackfruit seed in the diet leading to a negative decrease at 50% supplementation (Table 2 ). This is reflected in the significantly (p<0.05) lower daily food intake by the experimental groups compared to the control though group S30/70 recorded a high daily food intake. Supplementation of the diet with 10% jackfruit bulb gave a comparative (p>0.05) weight change with the control but increase in supplementation showed negative weight changes (Table 3) , though daily food intake was either comparative (p>0.05, B10/90) to or higher (p<0.05, B50/50) than the control, except group B30/70 which had the lowest daily food intake. Table 4 shows a significantly similar body weight changes in all the groups fed diets supplemented with jackfruit seed-bulb blend compared with the control except group SB 50/50 which had the lowest daily food intake.
Effect on complete blood counts
Tables 5-8 summarize the results of the complete blood count of albino rats fed diets supplemented with jackfruit seed, bulb or seed-bulb blend. The values for WBC, lymphocytes, and eosinophils (Table 5) were significantly (p<0.01) increased in all the groups compared to the control except in few cases where lymphocytes were not detected; eosinophils values were comparable (p>0.01) with the control (SB50/50, SB30/70, and SB10/90). RBC, Hb, and PCV concentrations (Table 6) were significantly (p<0.05) high (except Hb in group B10/90) in groups B10/90 and SB10/90 compared to the control. The same trend was observed in MCV of group B10/90 which was similar to that of group B50/50 (Table 7) . Group B50/50 also showed significantly higher values of RDW-SD and RDW-CV. Rats on diets supplemented with a blend of the seed and bulb (SB), however, showed similarities or lower concentration of all the RBC absolute values tested. The same trend was seen in the results from the groups fed with diet supplemented with the jackfruit seed. Values are expressed as mean ±SEM, n = 6; * = significantly different from control at p<0.05; a = significantly different from S10/90 at p<0.05; b = significantly different from S30/70 at p<0.05. wt = weight. Values are expressed as mean ±SEM, n = 6; * = significantly different from control at p<0.05; a = significantly different from B10/90 at p<0.05; b = significantly different from B30/70 at p<0.05; wt = weight. Values are expressed as mean ±SEM, n = 6; * = significantly different from control at p<0.05; a = significantly different from SB10/90 at p<0.05; b = significantly different from SB30/70 at p<0.05. wt = weight. Values are mean ± SEM, n = 6; c = p<0.05 vs Control; d = p<0.05 vs SB50/50; e = p<0.05 vs SB30/70; f = p<0.05 vs B10/90; x = p<0.001 vs SB10/90; g = p<0.05 vs SB10/90; RBC = red blood cell; Hb = hemoglobin; PCV = packed cells volume. Morton (1987) .
Eosinophils are a type of white blood cells that play an important role in the immune system particularly in the body's response to allergic reactions, asthma and in fighting parasitic infections (Territo, 2016; Mori et al, 2009 ). Mori et al. (2009) also reported that the normal range for blood eosinophils is 40-400 cells/µL in humans and 15-250 cells/µL in rats and so the term eosinophilia refers to conditions where abnormally high number of eosinophils is found either in the blood (600-1500 cells/µL) or tissues. Less than 7% of the circulating leukocytes are usually accounted for by the eosinophils (Territo, 2016) . As stated earlier, one of the causes of eosinophilia is allergic reaction, although, it is not a disorder except it is idiopathic (Beers et al, 2006) . In this study, the eosinophil count of the groups fed diets supplemented with bulb at both 10%, 30% and 50% exceeded the normal ranges reported by Mori et al. (2009) (Pedersen and Milman, 2003) . The direct erythrocyte indices, MCV, MCH and MCHC, measure the size, weight per unit volume of red blood cells. The size of the cells may be normal (normocytic), below normal (microcytic) and above (macrocytic). This is similar to what is obtainable in iron deficiency aneamia (Pedersen and Milman, 2003) . These researchers reported that MCH is decreased in hypochromatic and elevated in macrocytic aneamia. The present study showed significant increases in MCV and MCH in groups fed B50/50 and S10/90 diets signifying a macrocytic anaemic condition.
Platelet count is one of the most important screen tests of platelet function. A decrease in the circulating platelets less than 50% of the normal value will cause bleeding (Beers et al, 2006) . The decreases observed in the platelet counts in groups S30/70, B50 /50 and SB50/50 may indicate possible effects on blood clotting when jackfruit diets are consumed at these levels of supplementation.
Though daily food intake was significantly higher in group B50/50, there was an observed decrease in body weight. This could be attributed to the presence of some anti-nutritional factors such as oxalate and phytate which could make the nutrients in the diet bio-unavailable to the rats. Investigation in this area is necessary. The low body weight observed in this group as well as groups S50/50 and B30/70 may have been responsible for the reduced WBC, RBC and PCV (except group S50/50) values recorded in these groups compared to other experimental groups.
Conclusion
It may be concluded from the findings in this study that jackfruit diets possess some anti-anaemic properties as it was seen in the improved RBC, Hb, and PCV values obtained for 10% supplementation with jackfruit bulb (B10/90) or seed-bulb blend (SB10/90). The fruit is capable of enhancing the immune system, the platelet counts were decreased in some groups, indicating possible effects on blood clotting when jackfruit diets are consumed at such levels of supplementation. However, excess consumption of jackfruit bulb may cause an allergic effect.
COMPETING INTERESTS
We state that there are no competing interests either financially or otherwise that might be perceived as influencing any of the authors' objectivity.
AUTHORS' CONTRIBUTIONS
MAA designed the study, generated the initial manuscript and supervised the work; BSD carried out the study, did the statistical analysis, and produced the final manuscript; IOW and ABU supplied the relevant literature materials and participated in reading and approving the final manuscript.
